Introduction
We have previously reported that the cell-free myeloperoxidase (MPO)1-H202-halide system is viricidal to HIV-l and that H202-generating Lactobacillus acidophilus can provide the H202 required for this system (1) . Since lactobacilli and peroxi-dase are present in the vagina ofmost normal women (2) (3) (4) , the possibility was raised that heterosexual transmission of HIV-l may be influenced by the presence and level of the peroxidasemediated antimicrobial system in the vagina.
MPO is present in large amounts in cytoplasmic granules of neutrophilic polymorphonuclear leukocytes (PMN) and is released into either the phagosome or the extracellular fluid when PMN are stimulated by a variety of soluble or particulate stimuli (5, 6) . Stimulation ofPMN also results in a respiratory burst in which oxygen is reduced first to the superoxide anion (O2) and then to H202. MPO, H202, and chloride form an antimicrobial system in PMN through the formation ofpowerful oxidants, namely, hypochlorous acid and related chloramines (5, 6) . We report here that intact-stimulated PMN are viricidal to HIV-l, and provide evidence for the involvement ofthe MPO-H202-chloride system in this toxicity.
Methods
Reagents. The lymphadenopathy associated virus-I (LAV-1) strain of HIV-1, kindly provided by Genetic Systems, Seattle, WA, was propagated in CEM cells (Genetic Systems) in RPMI-1640 (Gibco Laboratories, Grand Island, NY) containing 10% fetal calfserum (Gibco Laboratories), 50 U/ml penicillin, 50 ,g/ml streptomycin, 0.01% DEAE Dextran (500,000 Mr, Sigma Chem. Co., St The reaction mixture contained 5 x 10' M sodium phosphate buffer pH 7.4, 0.128 M NaCl, 1.2 x 10-2 M KC1, 10-3 M CaC12, 2 X 10-3 M MgCI2, 2 x 10-3 M glucose, 1,000 TCID50/ml HIV-1 and, where indicated, 106/ml PMN, 100 ng/ml PMA, 1 mg/ml opsonized zymosan, Io0`M sodium azide, 58 gg/ml catalase, and 10 gg/ml superoxide dismutase. In tubes in which chloride was deleted, isosmolar amounts of sulfate were added. The results are expressed as the median P24 antigen level in pg/ml and the ratio of the number of samples in which viral replication occurred over the total number of samples. * P = 0.002; $ P = 0.01; § P = 0.03.
san as the stimulus was lost (Table II) The PMN ofpatients with hereditary MPO deficiency lack MPO, but, in sharp contrast to CGD PMN, respond to stimulation with a respiratory burst which is greater than normal (6, 13) . The viricidal effect on HIV-l was greatly decreased when stimulated normal PMN were replaced by PMA-or opsonized zymosan-stimulated MPO-deficient PMN (Table III ). In contrast to the findings with CGD PMN, the loss of viricidal activity was unaffected by the addition of H202, but was prevented by the addition of MPO. MPO alone or combined with unstimulated MPO-deficient PMN were without effect on HIV-1 (data not shown). The HIV-l viricidal activity ofMPO-supplemented, MPO-deficient PMN stimulated with PMA or opsonized zymosan was inhibited by catalase but not heated catalase, implicating H202 generated by the stimulus-induced respira- The reaction mixture was as described in Table I , except that CGD PMN were employed and 0.23 U/ml MPO, 10-4 M H202, 10-4 M sodium azide, 0.03 U/ml glucose oxidase (GO), and 58 ,g/ml catalase were added where indicated. * NS; t NS; § NS.
In the MPO-H202-chloride system, H202 combines with MPO to form a complex which oxidizes chloride to form the powerful oxidant hypochlorous acid (HOCI) or its dissociated form, the hypochlorite anion (OC1-) (5). The pKa ofthe dissociation is 7.53 so that both forms are present at physiologic pH. When the pH falls, HOCI predominates and HOCI can react with excess chloride to form chlorine (Cl2). HOCI can also react with nitrogen-containing compounds to form mono-and dichloramines which retain oxidizing activity. Some of the chloramines are relatively long-lived, which provides a mechanism for the prolongation of the oxidizing activity ofthe MPO system and for the penetration of oxidants into fluids rich in proteins and other scavengers of the more reactive oxidants. HOCl/OCl-(Clorox0 bleach) is a well-recognized disinfectant effective against a variety of organisms, including HIV-I (14) . Holmberg et al. (15) have classified the biological factors that affect sexual transmission ofHIV-1 into: (a) the infectiousness of the HIV-l-infected donor; (b) the infectivity and virulence of the virus; and (c) host susceptibility to infection. Although the importance of these factors has been inferred from epidemiologic studies, the specific host defense mechanisms against HIV-l are poorly understood. Our findings raise the possibility that among the factors that influence host defense against HIV-1 are the products of stimulated phagocytes. De The reaction mixture was described in (18, 19) or HIV-1 (20) has been demonstrated in nonhuman primates, and that cell-free HIV-1 in plasma is a sensitive marker of the clinical stage of infection (16) .
